Abstract We provide new evidence on the long-run labor market penalty of teenage overweight and obesity using unique and large-scale data on 150,000 male siblings from the Swedish military enlistment. Our empirical analysis provides four important results. First, we provide the first evidence of a large adult male labor market penalty for being overweight or obese as a teenager. Second, we replicate this result using data from the United States and the United Kingdom. Third, we note a strikingly strong within-family relationship between body size and cognitive skills/noncognitive skills. Fourth, a large part of the estimated body-size penalty reflects lower skill acquisition among overweight and obese teenagers. Taken together, these results reinforce the importance of policy combating early-life obesity in order to reduce healthcare expenditures as well as poverty and inequalities later in life.
Introduction
The world has seen a remarkable increase in childhood and adolescent overweight and obesity. In the United States, childhood obesity has tripled since the late 1970s (Fryar et al. 2012) . Sweden, the context of our study, had a fourfold increase between 1984 and 2000 (Mårild et al. 2004 ). The World Health Organization (WHO) estimated that worldwide, 150 to 160 million school-aged children were overweight in 2004; of these, about one-quarter were obese (Lobstein et al. 2004; Wang and Lobstein 2006) . This increase in weight has caused great concern: child and adolescent overweight and obesity are associated with a number of adverse outcomes, such as hypertension and Type 2 diabetes as well as adult morbidity and mortality, potentially affecting adult productivity (Freedman et al. 2001; Must and Strauss 1999; . Extensive research also links being overweight to having low self-esteem as well as experiencing bullying and discrimination by peers and teachers, which in turn might interfere with skill acquisition and human capital accumulation, thereby adversely affecting labor market outcomes in adulthood (see, e.g., Cawley and Spiess 2008; Cramer and Steinwert 1998; Janssen et al. 2004) .
Overweight and obese youth are also more likely to become obese adults (Whitaker et al. 1997) ; and as of this writing, obesity is the leading cause of preventable death in the United States (Finkelstein et al. 2009; Jia and Lubetkin 2010) . Obesity has also been labeled a national security threat by retired U.S. Army generals John M. Shalikashvili and Hugh Shelton (2010) , who argued that, "Obesity rates threaten the overall health of America and the future strength of our military." These worries receive support in a recent paper by Cawley and Maclean (2012) .
Despite the consequences of childhood and adolescent overweight and obesity, the economics literature to date has focused on the effect of current body size on adult earnings (see, e.g., Brunello and D'Hombres 2007; Cawley 2004; Cawley and Danziger 2005) . We are aware of only two studies that have investigated the relationship between teenage body constitution and later earnings. First, Sargent and Blanchflower (1994) , examining the British National Child Development Study (NCDS), found significant statistical evidence of such a relationship only among females. Second, Han et al. (2011) , using data from the U.S. National Longitudinal Survey of Youth 1979 (NLSY79), found effects also for men operating mainly via occupational sorting.
Overweight and obesity have increased much more rapidly among lower-income households (Sjöberg et al. 2011) , which may well translate into widening socioeconomic inequalities later in life and may reduce social mobility. Adolescence is considered to be a critical period for the development of overweight and obesity (Dietz 1994) . Preventative measures during this period can therefore be assumed to hold special promise (Kautiainen 2005) . Combating early-life obesity may thus be an important strategy not only to reduce healthcare expenditures but also to reduce poverty and inequalities later in life. 1 In this article, we make a number of contributions to the literature on the economic consequences of body size, focusing on overweight and obesity. First, we analyze the 1 The WHO has estimated that the health consequences of obesity represent between 2 % and 7 % of total healthcare costs for several developed countries (WHO 2000) .
long-run effect of youth overweight and obesity on adult earnings exploiting an unusually large sample of siblings (n = 145,193) who enlisted for the military in Sweden at age 18. The effects of adolescent underweight are calculated simultaneously, but the analysis and discussion mainly concern the effects of overweight and obesity. These data, which include measures of height and weight, are linked to tax register data on adult earnings. Enlistment was mandatory for every male Swedish citizen during the study period, and the records were measured by staff. Hence, the measurement error problems that are common for self-reported information do not affect the resulting estimates.
The second contribution is that we provide novel evidence on the mechanisms behind the relationship between adolescent body size and adult earnings. By exploiting rich data on cognitive and noncognitive skills, measured at military enlistment, we are able to analyze the extent to which the adult earnings penalty is accounted for by weight-related variations in skill formation early in life. Hence, we analyze the extent to which overweight and obese teenagers are punished as adults mainly through the skills they bring to the labor market or through labor market discrimination.
Our third contribution is that we are able to account for unobserved family-specific factors by using a large sample of brothers. Because sibling fixed-effect 2 estimates rely on variation in body size across siblings, and the fraction of overweight and obese adolescents is typically less than 10 %, a large sample size is needed to identify an effect. Moreover, the sibling data help us to rule out that the relation between adolescent body size and adult earnings is driven purely by unobserved family background characteristics.
Fourth, using detailed register data on the respondents' occupation and education, we are able to analyze whether overweight and obese people are sorted into low-paying occupations or obtain less schooling, independent of their skills, which would provide an additional mechanism through which body size as a teenager might affect adult earnings. The data also allow investigation of whether our estimates are confounded by placement in the military or by health outcomes related to body size.
Finally, we replicate the Swedish results using data from the United States (NLSY79) and Britain (NCDS), which addresses the representativeness of our results given that the institutional contexts, as well as the prevalence of overweight and obesity, differ between the countries.
Our results are the first to reveal a huge labor market penalty for being overweight or obese as a male teenager. Obese male teenagers face an 18 % earnings penalty as adults, whereas the overweight earn about 7 % less than men who were of normal weight in their teens. Our results contrast the literature on the effect of adult body size, where a labor market penalty for being obese has almost exclusively been observed among adult females (e.g., Averett and Korenman 1996; Cawley 2004; Conley and Glauber 2006) . Heavily built males are indeed also punished, albeit only those who were overweight and obese early in life. This is not exclusive to Sweden; we find strikingly similar results using U.S. and UK data.
We show that cognitive and noncognitive skills play an important role in the relationship between adolescent body size and adult earnings. There are strong, inversely U-shaped correlations between body mass index (BMI) on one hand and earnings, cognitive skills, and noncognitive skills on the other. The lower levels of cognitive-but first and foremost, noncognitive skills-of obese 18-year-olds largely explains their lower adult earnings, which is consistent with the evidence linking body size during childhood and adolescence with bullying, lower self-esteem, and discrimination by peers and teachers. In a family fixed-effects setting, accounting for both types of skills explains one-half of the obesity penalty and one-third of the overweight penalty. At the other end of the weight spectrum, underweight teenagers face a penalty similar to the one experienced by the overweight, which is fully explained by their lower level of noncognitive skills.
Finally, we find that sorting of overweight and obese men into low-paying occupations, independent of their skills, explains an additional part of the body-size penalty. This may reflect discrimination by employers, although we are unable to completely rule out some unobserved productive trait among overweight and obese people. We find no evidence, however, that health status at military enlistment or military placement plays any important role for our findings.
Background
This article draws on the recent literature on the association between overweight and obesity on the one hand and cognitive skills and noncognitive skills on the other. It is also related to a recent labor economics literature highlighting the importance of cognitive and noncognitive skills for labor market success (Cawley et al. 2001; Heckman and Rubinstein 2001; Heckman et al. 2006; Lindqvist and Vestman 2011; Thomas and Strauss 1997) .
A growing literature has found evidence of a negative association between body size and cognitive ability early in life (Cawley and Spiess 2008; Elias et al. 2001; Gustafson et al. 2003 Gustafson et al. , 2004 Puhl and Latner 2006) , whereas such an association could not be verified in some other studies (Fletcher and Lehrer 2009; Grossman and Kaestner 2009) . In Cawley and Spiess (2008) , such a relationship was found already among 2-to 3-year-old children, even when a wide range of child, parent, and family characteristics were controlled for. Several different biological and socially orientated explanations for the association between body size and cognitive skills have been proposed. Some researchers suggest that being overweight and obese might cause physiological brain changes via subclinical inflammatory changes, vascular changes, or demyelination of white matter, impairing general cognitive function or performance (Gustafson et al. 2003 (Gustafson et al. , 2004 . Another suggested explanation is that overweight and obesity lead to less skill acquisition because of discrimination by teachers and classmates or because of obesity-related illness episodes (Puhl and Latner 2006) , suggesting that obesity has a causal effect on the formation of cognitive skills. Accordingly, cognitive skills mediate the relationship between body size and earnings, implying that interventions aimed at reducing overweight and obesity among teenagers would, besides obvious health benefits, yield future returns in terms of improved labor market outcomes.
The development of cognitive ability as well as body constitution may also be governed by common underlying genetic, environmental, or biological factors. Because the negative association between cognition and body size seems to appear early in life before school entry, it is probably not purely driven by discrimination against overweight or obese children by teachers or classmates. Poor early-life conditions and/or certain parental background characteristics or practices might, for instance, affect both subsequent body size and cognitive skills. In this article, we account for the influence of such factors, to the extent that they are shared by brothers, by the use of family fixed-effects estimations.
Besides cognitive ability, the literature has paid growing attention to the role of noncognitive skills, which essentially comprise a range of personal characteristics that potentially affect productivity yet are distinct from cognitive skills, such as motivation, self-confidence, self-control, sociability, persistence, time preference, and other aspects of conscientiousness. Not surprisingly, such noncognitive abilities are associated with favorable socioeconomic outcomes (see, e.g., Heckman and Rubinstein 2001; Heckman et al. 2006 ). In fact, some studies have suggested that noncognitive skills are at least as important as cognitive skills in determining earnings and employment (Borghans et al. 2008; Heckman 2008; Heckman et al. 2006; Lindqvist and Vestman 2011) .
Noncognitive skills have recently also been linked with overweight and obesity, but this relationship has been attributed almost completely to social processes. For instance, if overweight and obese people are excluded from noncognitive skill-building relations, activities, and environments, there is a clear casual link running from body size to these types of skills. Cawley and Spiess (2008) provided evidence of a connection between obesity and social skills as early as age 2 or 3, perhaps reflecting that children who are stigmatized for their obesity do not have opportunities to develop their social skills. Well in line with this reasoning, Cramer and Steinwert (1998) found that obese children are viewed as less desirable playmates by 3-year-olds. Moreover, obese children are almost twice as likely as normal-weight children to be bullied (Lumeng et al. 2010) .
3 A U.S. study found that because of teasing and weight-related health problems, obese children rated their quality of life as low as that of young cancer patients (Schwimmer et al. 2003) . Persico et al. (2004) also emphasized the importance of noncognitive skill acquisition early in life, finding that the height-wage premium was reduced when they controlled for participation in high school sports and clubs during the teenage years. They concluded that participation in such activities shapes social skills and that height is positively related to participation. 4 It is straightforward to formulate a similar argument for body size-that overweight and obese teenagers participate less in sports and clubs, thus accumulating fewer social skills.
Although plenty of convincing theoretical arguments and empirical results indicate a negative relation between body size and noncognitive skills, we acknowledge a lack of causal evidence. Causality may well also run in the opposite direction, and limited selfcontrol (a key component of the noncognitive skill concept) is one proposed factor behind the increase in obesity (Cutler et al. 2003) . In fact, recent research has shown that children with less self-regulation and control are more prone to becoming overweight or obese in childhood and adolescence Francis and Susman 2009; Tsukayama et al. 2010) . Hence, the extent to which skills affect body weight or vice versa, or whether the association between the two mainly is driven by some underlying third factor(s) is not fully understood. Regardless of the exact nature of the association between body weight and skills, the available evidence convincingly suggests that body size may well affect the formation of noncognitive skills via mechanisms such as bullying and exclusion of overweight and obese people. From this respect, noncognitive skills should be regarded as a mediating variable in the relationship between body size and earnings.
At the other end of the weight spectrum is underweight in adolescence, which in the developed world, has been linked to higher prevalence of morbidity (asthma, scoliosis, intestinal problems) as well as to mental health conditions, such as Asperger's syndrome, schizoid personality, and eating disorders; and later onset of puberty (He and Karlberg 2001; Hebebrand et al. 1997; Lusky et al 1996) . Underweight adolescent males may also suffer from a negative body image and bullying by peers because their body constitution does not mirror prevailing norms of strength and vigor (Luder and Alton 2005) . Such conditions may well translate into lower levels of noncognitive skill in terms of sociability, self-perception, and self-esteem.
Data and Descriptive Statistics
The empirical analysis is based on integrated registers from Statistics Sweden (SCB) and the Swedish National Service Administration register of enlistment. The latter contains information on all males who enlisted for the military between 1984 and 1997 and lived in Sweden in 1999. 5 The analysis is restricted to native Swedish males, defined as being born in Sweden to Swedish-born parents, which limits the influence of ethnic discrimination on the results. The population studied here consists of those who were 28-38 years old in 2003 and for whom there is full information on relevant variables. Enlisting for the military was, until 1997, a two-day, law-regulated, mandatory procedure for all Swedish male citizens turning age 18. Exceptions were made solely for those who were severely handicapped, institutionalized (because of mental disorders or imprisonment), or living abroad. Nonobedience to the enlistment call was punished by fines, and repeated refusals to enlist resulted in imprisonment.
In total, the study population-that is, those who enlist-covers about 92 % of the total native male Swedish population in the relevant cohorts and consists of 468,312 individuals. Of these, 96 % (448,667 individuals) had positive annual earnings in 2003; this is the sample that we use in our initial analysis of body constitution and earnings. This sample covers almost the entire native-born Swedish male population in the relevant birth cohorts. However, our main analysis concerns variation between siblings, reducing the studied sample to 145,193 individuals. Because military personnel measure the enlistment variables and tax authorities measure earnings, reporting bias has little influence on our results.
Annual earnings in 2003 is taken from tax records and includes income from work; self-employment; and social insurance benefits in the form of sickness, unemployment, and parental leave benefits. Sensitivity analysis (not shown) reveals that the inclusion of these benefits does not affect our results.
Cognitive skills are measured using the Enlistment Battery 80 (a test similar in style to the Armed Forces Qualification Test (AFQT) in the United States), including four separate subtests: Instructions, Synonyms, Metal Folding, and Technical Comprehension. The separate scores of these tests are aggregated into a standard composite measure ranging from 1 to 9 by the military enlistment service. This measure is standardized, with a mean of 0 and a standard deviation of 1 in our empirical analysis.
Noncognitive skills are measured through interviews carried out by certified psychologists employed by the Swedish military, who assess the enlistee's psychological stability and endurance, capability of taking initiative, responsibility, and social competence. This evaluation results in a composite enlistment score of noncognitive skills, which also ranges from 1 to 9 and is standardized in our analyses, with a mean of 0 and a standard deviation of 1. The prime purpose of the interview is to evaluate the conscript's suitability to perform military service and to function in war situations. However, the actual character traits evaluated by the military psychologists (mentioned earlier) are appreciated and also rewarded in the labor market. Indeed, this is what we find in the empirical analysis.
6 Because the measure of noncognitive skills is inferred by psychologists who meet with the conscripts in person, we cannot completely rule out the possibility that the evaluations are influenced by evaluator prejudices. If psychologists (despite being professionals) discriminate against obese people, this could result in lower recorded than actual levels of noncognitive skills in this group. We address the implications of such a mechanism in the Summary and Discussion section.
To construct our indicators for being underweight, normal weight, overweight, or obese, we use information on body mass index (BMI). We follow the conventional definition of these categories, which yields four BMI categories: low (≤18.5), normal (>18.5 and ≤25), overweight (>25 and ≤30), and obese (>30).
Focusing on our sample of siblings, running family fixed effects, the estimates of the relationship between body size and earnings are identified within families in which there is variation across the siblings in terms of body size. Descriptive statistics for the sibling sample are given in Table 1 . Fortunately, our large data set provides us with large variation both within and between families. Among 13,000 overweight individuals in the sibling sample, 80 % have a brother who is of normal weight. Among 2,600 individuals who are obese, approximately 95 % have a brother who is not.
Information on parental education and income in 1980 was obtained from Statistics Sweden. However, information is missing for 12 % to 13 % of the sample with respect to at least one of these parental variables. When this is the case, we impute the individual's data with the sample variable mean and create an additional binary variable taking the value 1 when information is missing and 0 otherwise. The same procedure is followed for the variables indicating cognitive and noncognitive skills (for which the fraction of missing information is less than 0.1 %).
Conceptual Framework and Method
Before outlining our empirical specification, we conceptualize the "penalty" of being underweight, overweight, and obese. Consider the following counterfactual framework:
which shows potential earnings, y ib , under different body sizes, b, for an individual i. The penalty of nonnormal weight could be thought of as the difference between potential earnings in normal weight versus being underweight, overweight, or obese. Essentially, two sorts of mechanisms would generate such differences: labor market discrimination and negative effects of overweight on the acquisition of labor market skills.
To estimate the returns to body size, a common empirical specification in the literature has been 
where denotes a vector of control and mediating variables, and γ denotes the corresponding regression coefficients. If all relevant control variables but no mediating factors are included in , and under the assumption that , measures the causal return (or penalty) on body size. Adding the full set of relevant mediating factors, the remainder of captures the returns to body size as measured through preferential or discriminatory treatment in the labor market.
Although evidence suggests that cognitive and noncognitive skills might be affected by body size, one cannot rule out that causation goes in the opposite direction or that skills and body size are related through underlying omitted third variables, such as genes and parental characteristics and behaviors. From an employer's perspective, the exact nature of the underlying mechanisms at work does not necessarily matter. Because overweight and obesity signal lower skills, the employer-lacking information on a prospective employee's skills-could use body size to infer these skills. For policy purposes, on the other hand, knowledge about the mechanisms is important. If skills mediate the relationship between body size and earnings, policy initiatives reducing adolescent overweight and obesity would enhance adult productivity through increased skill accumulation. Such initiatives would have no effect, however, if the association between body size and skills originate from skills affecting weight development or if underlying third factors (such as genes or family practices) govern the relationship. Our sibling fixed-effects specification helps us to shed some light on the possible mechanisms at work. To see how, consider the family fixed-effects specification, which can be written as follows:
where ij is an index for an individual i in family j, and μ represents a family fixed effect. Hence, the influence of unobserved factors that relate to skills, body size, and earnings operating at the family level will be neutralized in this model. For instance, if some mothers are more able in unobserved ways at producing skills and healthy weight in their children, this will be controlled for. Moreover, because siblings share, on average, 50 % of their genes, some of the genetic influence will be neutralized. Other recent applications of the siblings design to study the relationship between health and later-life outcomes has been presented by, for instance, Oreopoulos et al. (2008) , Currie et al. (2010a) , and Salm and Schunk (2012) .
What then does the variation in overweight and obesity across siblings reflect? Clearly, genetics play a key role: a number of studies have suggested that as much as 70 % of the variation in obesity-related phenotypes (such as BMI, skinfold thickness, fat mass, and leptin levels) is heritable (see Grilo and Pogue-Geile 1991 for an overview). Comparing siblings, it is feasible that the genetic component is even greater because siblings share many important environmental factors (such as parental characteristics, schools, and neighborhoods) but only 50 % of their genes. We can therefore exploit the so-called genetic lottery-or, more formally, Mendellian randomization-in which inheritance of a particular gene is randomly distributed between children in a given family (Lawlor et al. 2008) . Then, most of the variation in body size across siblings would be genetic and independent of the person's potential cognitive and noncognitive skills as well as potential earnings, as long as causation does not go in the opposite direction (that is, with skills affecting body size) and the genes affecting these outcomes are not the same or co-inherited. This requires the ð3Þ fulfillment of the so-called Mendel's second law-that is, that the inheritance of one trait is independent of the inheritance of another.
The sibling fixed-effects model brings an additional advantage to our analysis: by comparing the reductions in body size penalties that occur when accounting for skills in the ordinary least squares (OLS) and fixed-effects models, we can shed some light on the relative importance of underlying third factors shared by brothers. For simplicity, consider first the relationship between obesity and earnings in a bivariate OLS model. Assume now that skills and body size are correlated only through the influence of a third unobserved factor, such as family background, and that the estimated body-size penalty simply reflects the relationship between body size and skills that originates from this third unobserved variable. Assume also that earnings are a function of skills but not necessarily of body size. Including skills in the earnings regression should therefore reduce the magnitude of the estimated obesity penalty. In the sibling fixed-effects model, however, we would expect less of a reduction in the estimated obesity penalty when accounting for skills because the influence of the third unobserved factor is already partly attenuated through the fixed effect. If the reduction is similar in the fixed-effects model, however, we might more willingly accept the hypothesis that skills and body size are causally linked.
Given that the biasing influence of measurement errors is exacerbated in fixedeffects models, such errors constitute an important threat to estimates based on variation between siblings (Griliches 1979) . In this respect, one great advantage of our data is that they are not self-reported but measured by the enlistment personnel.
In our main empirical analysis, we include only variables that are determined before labor market entry. Adding variables such as occupation and postsecondary education would hide part of the penalties of high weight if heavier individuals chose certain educational qualifications or jobs. However, toward the end of the Results section, we will examine the extent to which the remaining penalties work through sorting into occupations and educations by body size.
In our regressions, we include age fixed effects, which pick up any nonlinearity in the age profile for earnings but also any changes in the measurement of the enlistment variables from year to year. Because 99 % of the conscripts enlisted at age 18 or 19 (86 % and 13 %, respectively), the age fixed effects also pick up anything specific for the year the conscript enlisted. The results are insensitive to how we handle the age and age-when-enlisting variables: that is, including additional controls for age when enlisting (fixed effects) or only including a control for linear age does not affect the results.
Results
The Raw Obesity Penalty in Sweden, the United Kingdom, and the United States We start our analysis by estimating the raw labor market penalty for having been overweight or obese at age 18 in Sweden. To facilitate comparison with the results using UK and U.S. data, which do not contain sibling information, we use the full set of 448,667 observations. Model A in Table 2 presents earnings regression results with only BMI classifications and age fixed effects included as explanatory variables. In comparison with teenagers of normal weight, obese adolescents earn 18 % less in adulthood. To put this figure into perspective, the estimated return to an additional year of schooling in Sweden is about 6 %. The obesity penalty thus corresponds to almost three years of schooling, which is equivalent to a university bachelor's degree. The penalty of being overweight at age 18 is lower but still substantial, amounting to 6 %, while the underweight penalty amounts to 7 %.
This finding is in contrast with the previous literature, in which a body-size penalty is (usually) not found among men. At this stage, however, we do not condition on any other intermediate factors, such as education or occupation, because we want to allow the obesity penalty to run through them. Conditioning on such variables would most likely lead to an underestimation of the obesity penalty if people adjust education and occupation according to their body constitution.
To what extent does the large penalty for nonnormal body size among 18-year-old Swedes generalize to other countries? To address this, we turn to data from the United Kingdom and the United States containing measures of BMI at several ages for the same individual.
The British NCDS includes information on individuals' height and weight at ages 16, 23, 33, and 42, as well as information on adult earnings. 7 We correct for possible measurement errors in weight in the 1981 and 2000 waves, where weight and height were self-reported, by using the prediction equations for actual weight and height provided by Burkhauser and Cawley (2008) . Because the definition of obesity varies for children and teenagers, we use age-specific thresholds of obesity and overweight at age 16, as provided by Cole et al. (2000) . Table 3 shows regressions for wages at age 42 on indicators of being underweight, overweight, and obese at various ages. As shown in the first column, being obese at age 16 is associated with 38 % lower earnings. The magnitude of the association is thus even greater than the corresponding association in the Swedish sample. For those overweight and underweight, however, the relations are weaker and insignificant.
Subsequent columns show the corresponding estimates when we measure obesity at various later ages and when we include all measurements simultaneously. Clearly, the relationship between obesity and wages gets weaker and weaker as the age at measurement increases. In fact, the relationship is significant only at age 16, which is closest to the age at which obesity is measured in the Swedish data. When we include the individual's body-size status at different ages simultaneously, as shown in the last column, the only estimate for being obese that is statistically significant is at age 16 (amounting to 31 %), whereas the estimate for current obesity is positive, although imprecisely measured.
The U.S. NLSY79 data have previously been subject to several analyses on overweight and obesity (see references in Cawley (2004) and Han et al. (2011) ), but no one has explicitly looked at the association between weight status in adolescence or 7 The NCDS is a longitudinal study of approximately 17,000 individuals born in Great Britain in the week of March 3-9, 1958, who have been followed up several times, with the last being 2004, when they were 46 years old. For details, see Lundborg et al. (2010) . early adulthood and adult earnings among people as old as in their 40s. 8 The sample studied here consists of the men who were interviewed in 1979, when the survey started, and who were also present in later waves. In particular, we are interested in the 8 Averett and Korenman (1996) and Cawley (2004) also used the NLSY79 and related the respondent's weight, classified into discrete intervals, seven years back in time to the respondent's contemporary wage. Averett and Korenman used weight in 1981 and wages in 1988, whereas Cawley pooled data for the period 1981-2000, with weight being measured at t -7. The reason for using lagged measures of obesity in these studies was to address reverse causality between wages and obesity. Averett and Korenman (1996) , controlling for a number of background variables (e.g., years of schooling), showed that obese workers have a statistically significant 8 % wage penalty compared with normal-weight workers. This penalty is lowered to 3 % if contemporary weight is used instead. A similar result was obtained in Cawley's study. In the first column of Table 4 , we again find a significant and negative association between being obese at young ages and adult earnings. The estimated coefficient, -0.18, is the same as the one obtained in the Swedish sample, suggesting that men who were obese at ages 16 to 24 earn 18 % less later in life than men who were of normal weight. For overweight, the earnings penalty is 4 %, but it is imprecisely measured. In column B of the table, only current obesity (obesity at ages 39 to 42) is included. Interestingly, there is now a significant and positive association between obesity and earnings: obese men earn about 12 % more than men of normal weight, and overweight men earn almost 19 % more. This, again, might reflect reverse causality wherein people who earn more also indulge more in consumption promoting weight gain. Finally, we include both current obesity status and obesity status at ages 16 to 24 in the regression, as shown in column C of Table 4 . Accordingly, earlylife obesity is associated with 20 % lower earnings at ages 39 to 49, whereas obesity at adult ages is associated with almost 14 % higher earnings. Another striking feature of the U.S. data is that the penalty of being underweight is much more accentuated than the overweight and obesity effects.
Our results so far suggest that the substantial penalty for being obese early in life in Sweden is also present in other institutional contexts. The possibility remains that there is an obesity penalty for being obese both as a teenager and as an adult in Sweden. We considered this possibility in an earlier version of this article by bringing in two . These results show no evidence of an obesity penalty for adult males but again show a substantial penalty for being obese as a young adult. The nonexisting male penalty obtained in many previous studies thus seems to reflect that the focus has largely been on adult obesity. The remarkably strong results of our initial estimations clearly suggest that being overweight or obese during the teenage years is very different from becoming overweight or obese as an adult. Having established the existence of a male obesity penalty, we next set out to understand its origins, analyzing the Swedish data, which include rich information on skills and allow us to control for unobserved family factors.
The Relation Between BMI and Skills As discussed earlier, a possible explanation for the obesity penalty is the lower skills acquisition that accompanies obesity during childhood and adolescence. This argument was based on previous research showing negative associations between BMI and skills. Such associations are indeed also present in our Swedish data, as shown in Fig. 1 . First, the upper-left panel of Fig. 1 shows a strong inverse U-shaped relationship between BMI and log earnings. From the other panels of Fig. 1 , it is evident that the relationship between BMI (on the one hand) and cognitive and noncognitive skills (on the other) follows a similar pattern. Here, cognitive and noncognitive skills are measured according to the military's original Stanine scale, which takes integer values between 1 and 9. Clearly, overweight and obese men fare worse in terms of both cognitive and Noncognitive test score and BMI Fig. 1 Mean of log earnings, cognitive test score, and noncognitive test score by BMI. Total population. BMI is truncated at 15 and 40. The dependent variable is the mean for everyone with the integer value of the independent variable noncognitive skills, indicating that regardless of the underlying mechanisms at work, part of the earnings penalty may well have something to do with the skills that overweight and obese youngsters bring to the market. Underweight men have lower scores on noncognitive skills than men of normal weight, but closer inspection of the cognitive test score (Fig. 1 ) reveals that this type of skill seems to be rather symmetrically distributed on the BMI scale, ranging from 15 to 25 around its maximum occurring at a BMI level of 20. This indicates that underweight men (BMI below 18.5) seem to bring similar levels of cognitive skills to the market as men in the upper range of normal weight .
What Explains the Overweight and Obesity Penalties?
To answer this question, we continue our analysis of the Swedish sample. The raw obesity penalty for the sample of siblings without imposing sibling fixed effects (Model B), is 16.3 % and similar to the corresponding estimate obtained for the full sample in Model A (see Table 2 ). The same goes for the overweight and underweight penalties, which are now estimated to be 6.6 % and 7.1 %, respectively. This result is reassuring and expected because there is no reason to believe that our sample of siblings should be very different from our main sample. To facilitate comparison, the row of Table 2 denoted "Reduction (%) in original (Model B) Body Size/Earnings Penalty (underweight, overweight, obesity)" shows how much the estimated penalties decrease in each of the Models C-I in comparison with Model B. Just below this, similar comparisons are made with Model E for Models F-I. We next add parental characteristics, measured according to fathers'/mothers' (log) income and years of education, in order to investigate whether the penalty simply reflects the influence of parental socioeconomic status. The reductions in the penalties are rather modest, however; they are now 13 %, 5 %, and 7 % for being obese, overweight, and underweight, respectively (Model C).
Imposing sibling fixed effects, we find that the raw overweight and obesity penalties decrease by almost 50 %-to 9 % and 4 %, respectively. The underweight penalty is reduced even more, to 3 % (Model D). Apparently, parental characteristics in terms of income and education represent just a small part of the unobserved heterogeneity associated with body size and earnings. Even with fixed effects, however, the obesity penalty is large, corresponding to 1.5 years of additional schooling. Including height in the regression hardly affects the estimated penalties at all (Model E). 9
Cognitive and Noncognitive Skills
Next, we start adding our measures of skills. First, we include cognitive skills, which reduce the obesity penalty further by about 15 %, from 8.8 % to 7.4 % (Model F). This type of skill is an important predictor of earnings, and the coefficient suggests that a 1 standard deviation increase in cognitive skills is associated with 10 % higher earnings.
We obtain a similar decrease in the penalty for being overweight (from 3.7 % to 2.9 %); and a smaller decrease in the underweight penalty (from 3.3 % to 2.9 %). When we instead include noncognitive skills, the obesity penalty is reduced by more than 40 %, to 5.1 % (Model G). Interestingly, the inclusion of noncognitive skills affects the overweight penalty to a smaller extent (similar to the influence of cognitive skills), reducing it from 3.7 % to 3 %; the underweight penalty is virtually eliminated (amounting to 0.4 % and being statistically insignificant). Noncognitive skills are an almost equally important predictor of earnings as cognitive skills: a 1 standard deviation increase in this type of skill increases earnings by 9.3 %. If we include both cognitive and noncognitive skills at the same time, as in Model H, the obesity penalty is reduced by almost one-half and the overweight penalty is reduced by one-third (compared with Model E). The estimated underweight penalty is rather similar in magnitude to the overweight penalty throughout Models A-F but is explained by noncognitive skills to a much higher extent (Model G). The results so far thus suggest that the body weight penalties reflect that teenagers of nonnormal weight bring worse cognitive and, in particular, noncognitive skills to the market.
What do the reductions in the overweight and obesity penalties that result from including skills reflect? As we argued earlier, one can shed some light on this by comparing the corresponding reductions that occur in a model without fixed effects. If the reductions are of similar magnitude, we can rule out that the relations among skills, body size, and earnings are simply driven by unobserved factors operating at the family level. Instead, a feasible interpretation would be that body size and earnings are associated as a consequence of a causal relationship between body size and skills. We therefore estimate a model on the full population without fixed effects, controlling for age, parental earnings and education, and height, and study the reductions in the body-size penalties when including cognitive and noncognitive skills. Including noncognitive skills reduces the obesity earnings penalty by 52 %, compared with 42 % in the fixed-effects model. For cognitive skills, the corresponding reductions are 22 % and 16 %, respectively. Accounting for both types of skills reduces the obesity penalty by 57 %, compared with 47 % in the fixed-effects model. These differences between models are relatively small, which indicates that skills and body size are primarily not correlated through some common unobservable characteristics operating at the family level. Instead, it seems that the association between body weight and earnings is originating from causal links running between body weight and skills, although we cannot completely rule out that underlying unobserved factors that are not shared by brothers govern the relationship between skills and body size. Unfortunately, this model comparison does not give any indication of the main direction of causality between weight and skills. Nevertheless, the wealth of available evidence suggesting an adverse impact of body size on social outcomes during childhood and adolescence supports the contention that skills could, at least to some extent, be viewed as mediating factors in the relationship between body size and earnings.
Occupational and Educational Sorting
Although including skills in the earnings regression reduces a large portion of the raw body-size penalty, an important part remains unaccounted for among the overweight and obese. One potentially important mechanism for this remaining penalty is occupational or educational sorting, whereby people are sorted into less education and/ or lower-paying occupations partly based on their body size. Such sorting could, for instance, occur if overweight and obese men experience discrimination by employers in certain occupations or if these men shy away from (high-paying) occupations in which employers are perceived to discriminate against them. Alternatively, some occupations may simply be less suitable for or less attractive to overweight or obese men-for instance, because of physical requirements. Our data include detailed information on occupations, and we investigate this link by introducing occupation fixed effects. As shown for Model I, an important part of the remaining penalties seems to work through occupational sorting by body size. The penalty for being obese is now further reduced by about 40 % (compared with Model H) to 2.9 % and becomes statistically insignificant. The overweight penalty is reduced by one-half and becomes statistically insignificant. Taken literally, these results suggest that overweight and obese men are sorted into lower-paying occupations independent of their cognitive and noncognitive skills and family background. However, some caution is warranted in interpreting the occupational fixed-effects results. To the extent that overweight men have lower chance of being selected into higher-wage occupations, we cannot completely rule out that the ones who actually are selected into these occupations have productivity-related advantages that are not fully captured by our explanatory variables. This means that within occupations, the impact of body size may be attenuated by the presence of unobserved traits, advantaging those with greater body size.
Turning to the influence of educational sorting, adding education as a categorical variable containing 12 levels (according to length and type) to Model H changes the weight-related penalties to 1.0 %, 2.3 %, and 4.4 % for underweight, overweight, and obesity, respectively (results not shown). Hence, the overweight and obesity penalties are only slightly deflated, indicating that the direct mediating effect of education is modest. We also replace earnings with years of schooling in our fixed-effects regression. After we control for cognitive and noncognitive skills (Model H), the estimated obesity and overweight parameters are small (0.14 and 0.09, respectively), suggesting that discrimination by body size within the schooling system is not likely to explain any important part of the overweight and obesity earnings penalties.
Perceived Discrimination
Our results so far could also reflect indirect discrimination if overweight and obese people invest less in skills or schooling owing to perceived future discrimination on the labor market (see Rooth 2009) . In this case, they would face lower returns and hence fewer incentives to invest in schooling. We investigate this mechanism by studying whether the returns to schooling are in fact lower for overweight and obese men by estimating earnings equation models with interactions between our BMI classifications and years of schooling. The coefficients of the interaction between obesity/underweight and schooling are small and insignificant. For overweight, the interaction term is significant at the 10 % level, suggesting that overweight young men face about 1 percentage point lower return to schooling, compared with normal-weight men.
Health and Placement in the Army
Could the remaining penalties be explained by worse health of underweight, overweight, or obese men? Although we do not have access to health information during adulthood, we can use the health measurements during the enlistment. If body size is related to health at age 18, and if health at age 18 affects later earnings, it is possible that part of the remaining penalty reflects poor health. To test for this, we include the broadest possible measure of overall health available in the enlistment data: a summary measure based on the various health tests conducted during the enlistment (for a thorough discussion of this measure, see Lundborg et al. Forthcoming) . The measure ranges from 1 to 13, and we account for this variable using fixed effects in the regression. The results are virtually unchanged, suggesting that health-at least during adolescence, and as measured by this particular health variable-does not explain the body-size penalties.
Could placement within the army explain any of the remaining penalties? Military placement in the army is based on the physical and mental test scores during the enlistment. Clearly, some placements are more attractive than others and may, for instance, involve more or fewer leadership tasks. If body size affects military placement and if placement affects later education, earnings, or type of occupation, placement could be one causal mechanism through which body size affects earnings. Because we have detailed data on placement within the army, we investigate this by including a set of placement fixed effects in the regression, indicating the rank of the placement.
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Including these placement fixed effects in Models H and I shows that the estimated remaining overweight and obesity penalties are virtually unaffected.
Positive Earnings
Annual earnings are the product of hours spent working during the year and the hourly wage rate. Hence, it is possible that a large bulk of the observed body-size penalties is driven solely by differences at the lower end of the earnings distribution: that is, those with nonnormal body size working few hours during the year. To check this, we reestimate the models of Table 2 for the subpopulation having at least 120,000 Swedish kronor (SEK) in earnings, which constitutes about 90 % of the population with positive earnings (see Table B1 in Online Resource 1).
11 This procedure yields weight penalties that are less pronounced. In Model B, the exclusion of those with earnings less than 120,000 SEK reduces the obesity penalty from 16.3 % to 12.2 %, or by about 25 %. In Model H, a statistically significant obesity penalty of 2.5 % remains. A similar picture is found for the reduction of the underweight and overweight penalties. Hence, a large part of the body-size penalties remains even when we exclude those with low earnings. Because the body-size earning penalties are apparent along the whole earnings distribution, this facilitates our choice of analyzing positive earnings.
A related worry is that the 4 % of the total population who have zero earnings are mainly made up of men with nonnormal body size. However, this is not the case. Although the underweight constitute a somewhat larger fraction of the sample with no earnings (9.5 % versus 7.1 % in the sample with positive earnings), the proportions in the two samples of overweight (9.1 % and 9.2 %, respectively) and obese (2.2 % and 1.8 %, respectively) are highly similar. As a complement to this robustness check, we analyzed how the probability of having positive earnings was linked to body constitution by running linear probability models (see Table B3 in Online Resource 1). In the sibling sample, the estimated probability of having positive earnings is less than 1 % lower for obese men, compared with men of normal weight. We have also estimated earning regressions in levels including those with zero earnings without any change in the relationship between body size and earnings (Online Resource 1, Table B4 ).
Additional Explanations
We conduct a range of additional sensitivity analyses to check the robustness of the results (see Online Resource 1, section A). These analyses reveal that the results are robust against the inclusion/exclusion of social insurance benefits in earnings. Further, excluding those enlistees scoring very low on the tests for cognitive ability and noncognitive ability inflates the considered earnings penalties to only a minor extent. We conduct this analysis to check for whether any deliberate underperformances during enlistment testing affect our results. To check a potential influence of misclassifications of BMI (i.e., that people of extraordinary muscle mass are classified as overweight, or even obese), we exclude enlistees scoring more than 1 standard deviation higher than the average on the handgrip strength test. This exclusion does not affect the estimated obesity penalty; the overweight penalty is slightly elevated, which is not very surprising because most misclassified individuals are likely to be found in the overweight category.
Summary and Discussion
By using large-scale Swedish enlistment register data, we provide new evidence on the relationship between adolescent body size and adult earnings. In particular, we contribute to the existing literature by showing that there is a large labor market weightrelated penalty also for males, but only for those who were already overweight or obese in adolescence. We replicated this pattern using additional data sets from the United Kingdom and the United States, where the results were strikingly similar. The UK and U.S. estimates also confirm that the penalty is unique to those who were overweight or obese early in life.
Our results also provide an explanation for the large observed penalties: they originate to a great extent from the strong association between body size and skills during adolescence. Hence, the labor market penalty in adulthood facing heavily built teenagers arises largely from the underlying premarket supply-side factors, such as noncognitive skills, rather than through pure labor market discrimination. At the other end of the weight spectrum, it seems as if underweight adolescent men are also punished through lower earnings as a consequence of their noncognitive skill levels. Nevertheless, a word of caution is warranted: we cannot completely rule out that heavily (or lightly) built teenagers are discriminated against already in the enlistment process, generating too-low recorded levels of noncognitive skill. If so, the reduction in the weight penalties, attributed to noncognitive skill, becomes overrated.
Distinctly identifying the causal underlying mechanisms behind the relationship between body size and skills is beyond the scope of the present article, but previous research has convincingly suggested that obesity at young ages may well affect the accumulation of cognitive and noncognitive skills. If so, our results have important implications for understanding the consequences of overweight and obesity and for evaluating policy measures. The results show that body size early in life has long-run consequences not only for health but also for economic status and skills. Because being overweight or obese is more common in low-income families, this also suggests that policies aiming at reducing disparities in child and adolescent development should be targeted at reducing overweight and obesity, with special attention given to low-income households. Such programs could have long-run benefits and serve to reduce socioeconomic inequalities and persistence of low income across generations. Measures at this stage might also be particularly effective because childhood and adolescence represent what is believed to be a critical period for the development of weight problems. For instance, Currie et al. (2010b) found that weight outcomes of school children are affected by the proximity of fast food restaurants. In addition, experiments have established that youth food consumption behavior is affected by altering food prices at high school cafeterias and in vending machines (French 2003; French et al. 1997) . Moreover, school programs, such as the Coordinated Approach to Child Health (CATCH) in the United States, that are aimed at healthy eating and physical exercise have shown promise (Brown et al. 2007 ). Our results suggest that the benefits could be even greater than estimated. On the other hand, if the causal pathways mainly run in the opposite direction-that is, that youngsters of limited cognitive and noncognitive capacity are more inclined to become overweight and obese-such policy measures would have weaker effects on socioeconomic outcomes.
Similarly, our results also emphasize the value of individual counseling programs for underweight children in order to establish healthy body growth by promotion of (for example) higher energy intake, stress management, drug avoidance, a positive body image, and strength training (Luder and Alton 2005) . Insofar as healthier body growth also affects the development of the underweight adolescents' noncognitive skills, such measures may well have long-lasting effects on their labor market success.
In sum, our results suggest that the rapid increase in childhood and adolescent obesity could have long-lasting effects on the economic growth and productivity of nations. We believe that the rationale for government intervention for these age groups is strong because children and adolescents are arguably less able to take future consequences of their actions into account. Moreover, their choice of goods and physical activities is largely determined by the knowledge and preferences of parents, as well as by food supply and activities at school. Policies aimed at addressing the market failure associated with childhood and adolescent overweight and obesity hold great promise, and more research on cost-effective measures is warranted.
